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BACKGROUND 

Field of Invention 

The invention is directed generally to a system and method for inspecting an end surface 
of an optical fiber and particularly to automatic inspection to detect defects on the end surface of 
the optical fiber. 

Description of Related Art 

Optical fibers are widely employed to transmit light for many appUcations. In order to 
insure good performance of the optical fiber, the end surface of the optical fiber needs to be 
relatively free of defects. Typically, two optical fibers are joined at respective end surfaces. The 
presence of such defects in the optical fiber, particularly in the core region, may result in 
degraded performance such as increased insertion loss or poor return loss. 

Automated inspection systems for optical fibers are known in the art. One exemplary 
automated inspection system is disclosed in U.S. Patent 5,995,212, commonly owned by the 
assignee of this application and incorporated herein by reference in its entirety. U.S. Patent 
5,995,212 discloses an automated inspection system that detects defects in the core and cladding 
zones of the optical fiber and determines if the optical fiber meets certain standards. While the 
system and methods disclosed in U.S. patent 5,995,212 are well suited for their intended 
purpose, improvements to such systems are needed. 
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SUMMARY OF THE INVENTION 

An embodiment of the invention is a method for detecting defects in an optical fiber. The 
method includes obtaining an image of the optical fiber and separating a portion of the image for 
processing. A blob threshold is determined to isolate a blob in the portion of the image and 
characteristics of the portion of the image are adjusted to enhance detection of the blob. One or 
more blobs are detected in the image and a characteristic of the detected blobs is compared to 
blob criteria. The optical fiber is failed if the blob criteria are not met. An alternate embodiment 
detects scratches on the optical fiber. Yet another embodiment is directed to a system of 
networked optical fiber inspection systems. 

Further scope of appUcability of the present invention will become apparent from the 
detailed description given hereinafter. However, it should be understood that the detailed 
description and specific examples, while indicating preferred embodiments of the invention, are 
given by way of illustration only, since various changes and modifications within the spirit and 
scope of the invention will become apparent to those skilled in the art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more frilly understood from the detailed description 
given hereinbelow and the accompanying drawings which are given by way of illustration only, and 
thus are not limitative of the present invention, and wherein: 
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FIG. 1 is a cross-section of an optical fiber in a ferrule; 

FIG. 2 is a schematic diagram of an inspection system in accordance with the present 
invention; 

FIGS. 3A-3D are flowcharts of a process for inspecting an optical fiber for defects; 
FIG. 4 depicts and exemplary original image; 

FIG. 5 depicts an exemplary binary object image processed for detecting blobs; 

FIG. 6 depicts an exemplary binary object image processed for detecting scratches; and 

FIG. 7 is a diagram of a networked system of multiple optical fiber inspection systems. 

DETAILED DESCRIPTION OF THE INVENTION 

The following detailed description of the invention refers to the accompanying drawings. 
The same reference numbers in different drawings identify the same or similar elements. Also, 
the following detailed description does not Hmit the invention. Instead, the scope of the 
invention is defined by the appended claims and equivalents thereof 

FIG. 1 is a cross-section of an optical fiber depicting a number of inspection zones. The 
optical fiber includes a core 102 surrounded by a cladding 104. Both the core 102 and the 
cladding 104 may be manufactured out of glass. The core 102 is typically very small, e.g., about 
four to nine microns in diameter for a single mode fiber. The cladding 104 typically has a larger 
diameter than the core region, e.g., about 125 microns in diameter. The cladding 104 may be 
surrounded by a supporting structure (e.g., a ferrule) that protects the core 102 and the cladding 
104 firom damage. The supporting structure may be , for example, a ferrule of approximately 
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2500 microns in diameter. The supporting structure may be attached to the cladding 104 by an 
epoxy layer. 

Four inspection zones are defined, namely a core inspection zone 110, cladding 
inspection zone 112, fiber edge inspection zone 114 and supporting structure inspection zone 
1 16. The core inspection zone 1 10 is slightly larger than core 102. The cladding inspection zone 
1 12 covers the majority of the cladding 104. The fiber edge inspection zone 1 14 covers a portion 
of the cladding and adjoining areas such as the epoxy area. Lastly, the supporting structure 
inspection zone 116 covers all regions outside the fiber edge zone 114. As described in fiirther 
detail herein, certain inspection zones can tolerate more defects and thus different quality 
requirements may be imposed for each inspection zone. 

FIG. 2 is a schematic illustration of an embodiment of a system 120 used to perform the 
inspection in accordance with the present invention. The system 120 includes a fiber imager 
122, a computer 124, a display 126 and a user input 128. The fiber imager 122 illuminates the 
fiber to be inspected and captures an image of the illuminated fiber. The fiber imager 122 may 
be implemented using known devices such as charge coupled devices (CCD's). In an 
embodiment of the invention, the fiber imager 122 is an FBP-Pl probe available fi-om Westover 
Scientific that includes a CCD, light source and associated optical elements. 

The fiber imager 122 provides an image of the optical fiber to the computer 124, which 
stores and processes the image to determine the presence of defects as described in further detail 
herein. The computer 124 displays this image on the display 126. The image may be made up 
of an array of picture elements (pixels) which typically vary in intensity fi*om 0, representing 
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black, to 255, representing white. The user input 128 may be used to provide information 
regarding the fiber to be inspected, to begin testing, etc. 

FIGS. 3A-3D are flowcharts of processing performed by system 120 to inspect optical 
fibers. The processing detects blobs in the object portion (e.g., core/cladding) as shown in FIG. 
3A, scratches in the object portion as shown in FIG. 3B, blobs in the background portion (e.g., 
ferrule) as shown in FIG. 3C and scratches in the background portion as shown in FIG. 3D. The 
terms "blob" and "scratch" are intended to have broad meanings with blob generally referring to 
spot defects (e.g., pits, chips) and scratch generally referring the defects traversing a path. 
Although each process is described individually, the processes may run concurrently and no 
order of processing is intended by the arrangement of FIGS. 3A-3D. 

Referring to FIG. 3A, the object blob processing begins at step 202 by acquiring an 
original image of the end of the fiber and supporting structure. The original image may be 
obtained directly firom fiber imager 122 or obtained from a storage device. The original image 
may be a gray scale image having pixel intensities ranging from 0 to 255. 

At step 204, contrast of the original image is normalized to establish a predefined contrast 
for the image and accommodate for variations in brightness. At step 206, histogram 
equalization is performed to enhance contrast between features in the image. As known in the 
art, histogram equalization reassigns gray scale intensities in the image to distribute the 
histogram over a wider range of gray scale values. Equalizing the histogram provides a wider 
range over which to establish thresholds and thus reduces sensitivity of the threshold. At step 
208 the center of the core 102 is located using known techniques. The location of the center of 
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the core is used to define the object (e.g., core/cladding) and the background (e.g., ferrule). In 
addition, the core inspection zone 110, cladding inspection zone 112, fiber edge inspection zone 
114 and supporting structure inspection zone 1 16 are defined in the original image. 

At step 210, the object is separated from the background to establish an object image 212. 
5 Thus, the object image contains the gray scale intensities from the processed original image (i.e., 
original image after contrast normalization and histogram equalization). The object image 212 
represents, for example, the core/cladding region and is processed to detect blobs as shown in 
;S FIG. 3A and scratches as shown in FIG. 3B. 

ly Once the object image 212 is defined, the mean intensity of the object is determined at 

% step 214. The mean object intensity is used to establish an object blob threshold as described 

herein. In an exemplary embodiment, blobs are detected in the object region and excluded from 
J ;'^ the determination of the mean object intensity. 

0 Once the mean object intensity is determined, an object blob threshold is set at step 216. 

k4 The object blob threshold may be a Sanction of the mean object intensity determined in step 214. 
15 In an exemplary embodiment, the object blob threshold is computed as 
ToB = ai X lo + ^1 

where Tqb is the object blob threshold, lo is the mean object intensity and a\ and jSi are scaling 

constants. Test parameters may be adjusted prior to applying the threshold so that detection of 

blobs is enhanced. In an exemplary embodiment, the brightness is set to a low value and the 

20 contrast is set to a medium value prior to applying the object blob threshold. These test 

parameters are selected to help distinguish the blobs from the object. Due to variance in imaging 

6 
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characteristics from one optical fiber inspection system to the next, the test parameters (e.g., 
brightness and/or contrast) may be tuned for each optical fiber inspection system. Causes for 
such variance may include variance in camera sensitivity, variance in Hghting, etc. The 
brightness and contrast are adjusted or tuned to compensate for variance in imaging 
characteristics and enhance detection of blobs. The test parameters may also be stored and 
managed centrally in a networked system as described herein with reference to FIG. 7. 

The object blob threshold is applied and the object image is converted to a binary object 
image. FIG. 4 depicts an exemplary original image and FIG. 5 depicts an exemplary binary blob 
image derived from the original image. As shown in FIG. 5, the binary blob image may be 
displayed along with blob intensities derived from the original image as described herein. 

An alternate thresholding technique involves the use of a frizzy thresholding routine. The 
frizzy thresholding process includes using frizzy membership sets to assign brightness indicators 
to areas of the image. The background (e.g., ferrule) may be considered LIGHT WHITE and 
blobs in the background LIGHT GRAY. The object (e.g., core/cladding) may be considered 
LIGHT BLACK and a blob on the object DARK GRAY. Thresholds are then set to separate the 
background from the background blobs and to separate the object from the object blobs. 

At step 218, the binary object image is processed to remove noise which can improperly 
be detected as blobs. One technique for such noise elimination is morphological filtering. Other 
noise reduction techniques such as a moving average kernel may used at step 218. 

Once the noise is eliminated, flow proceeds to step 220 where blob analysis is performed. 
The binary object image is processed to detect the presence and size of blobs. Such processing 
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may be performed using known techniques such as those described in U.S. Patent 5,995,212. 
Briefly, such techniques involve locating regions having intensities deviating from a local 
average intensity by a predetermined amount. Size constraints may be applied to prevent noise 
(not eliminated at step 218) and scratches from being considered blobs. The locations and sizes 
of all blobs are recorded. 

Once blobs have been detected in the binary object image, the intensity for each blob is 
determined from the processed original image. As noted above, the location of each blob in the 
binary object image is recorded and used to locate corresponding pixels in the processed original 
image (i.e., original image after contrast normahzation and histogram equaUzation). The 
intensity (e.g., gray scale value) of the blob is determined at step 222. The intensity of the blob 
may be based on a statistical function such as the average intensity or median intensity of pixels 
making up the blob. Once the blob intensities and sizes are determined, flov^ proceeds to step 
224 where it is determined whether blob criteria are met. Exemplary blob criteria are set forth in 
Table 1. 

Table 1 





Core Region 


Cladding 
Region 


Fiber Edge 
Region 


Ferrule Region 


Blob 


none allowed 


< 5um blobs 
allowed 


< lOum blobs 
allowed 


any number of 
blobs allowed 


Scratch 


none 


< 3 scratches of 
any size 
allowed 


any number of 

scratches 

allowed 


any number of 

scratches 

allowed 
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Contamination 


none 


None 


None 


none 



As show in Table 1, the core inspection zone 110 can have no blobs, the cladding inspection 
zone 1 12 may have blobs that are less than 5 microns in size, the fiber edge inspection zone 1 14 
may have blobs that are less than 10 microns in size and the supporting structure inspection zone 
1 16 may have any number of blobs. If the blob criteria are not met at step 224, then the optical 
fiber is failed. The user is notified of the result at step 226 and the object blob processing ends at 
step 228. 

The blob criteria applied at step 224 may also be dependent on the intensity of the blobs. 
As noted above, the intensity of each blob is determined at step 222. Blob criteria may then be 
based on blob intensity. For example, the cladding inspection zone may be permitted to have up 
to 10 gray blobs and up to 5 black blobs where parameters such as gray and black are defined by 
gray scale intensity ranges. 

FIG. 3B depicts object scratch processing used to detect scratches on the object (e.g., 
core/cladding). The processing performed through steps 202-214 is the same in FIG. 3B as that 
shown in FIG. 3 A. Once the mean object intensity is determined at 214, two scratch detection 
processes are performed. A first scratch detection process is implemented through steps 240-248 
for detecting dark scratches and a second scratch detection process is implemented through steps 
250-258 for detecting light scratches. A light scratch is a scratch having an intensity close to the 
intensity of the underlying surface, be it the object (e.g., core/cladding) or background (e.g., 
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ferrule). Such light scratches may be overlooked by scratch processing because the threshold set 
for scratches may not capture light scratches. Thus, separate light scratch detection is performed. 

At step 240, an object scratch threshold is set. The object scratch threshold may be a 
function of the mean object intensity determined in step 214. hi an exemplary embodiment, the 
object scratch threshold is computed as 

Tos = 0:2 X lo + i(32 

where Tos is the object scratch threshold, Iq is the mean object intensity and 0:2 and ^2 are scaling 
constants. Test parameters may be adjusted prior to applying the object scratch threshold so that 
detection of scratches is enhanced. In an exemplary embodiment, the brightness is set to a 
medium value and the contrast is set to a high value prior to applying the object scratch 
threshold. These test parameters are selected to help distinguish the scratches from the object. 
In addition, the test parameters may also compensate for variance in imaging characteristics as 
described above. The object scratch threshold is applied and the object image is converted to a 
binary object image. FIG. 6 depicts an exemplary binary object image derived from the original 
image in FIG. 4 using the object scratch threshold. 

At step 242, the binary object image is processed to determine if a group of isolated blobs 
actually define a scratch. Morphological filtering may be used to determine the connectivity of a 
series of blobs. Morphological filtering may include dilating pixel regions so that adjacent 
isolated defects become morphologically connected. If it is determined if several blobs are 
morphologically connected consecutively along a continuous path (either linear or curved), in a 
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length exceeding a scratch size threshold, then this group of blobs is linked to define a 
continuous defect. 

At step 244, the binary object image is processed to detect the presence and size of 
scratches. The scratch detection may be performed using known techniques such as those 
5 described in U.S. Patent 5,995,212. Briefly, such techniques may involve locating edge pixels in 
the image and performing a Hough transform to confirm the presence of valid scratches. A size 
threshold may be applied to so that a predetermined minimum length scratch length is met to 
% prevent blobs firom being classified as scratches. AUemate scratch detection techniques may be 
iij^ used such as processing the image with a gradient kernel to detect magnitude and orientation of 
'^tb edge pixels in the images. Proximate edge pixels having common orientations may be classified 
as a single scratch. The locations and sizes of all scratches are recorded. 

Once scratches have been detected in the binary object image, the intensity of each 
% scratch is determined from the original image. As noted above, the location of each scratch in 
Cm the binary object image is recorded and used to locate corresponding pixels in the processed 
15 original image. The intensity (e.g., gray scale value) of the scratch is determined at step 246. 

The intensity of the scratch may be based on a statistical function such as the average intensity or 
median intensity of pixels making up the scratch. Once the scratch intensities and sizes are 
determined, flow proceeds to step 248 where it is determined whether scratch criteria are met. 
Exemplary scratch criteria are set forth in Table 1 . The results are displayed to the user at step 
20 226 and the processing ends at step 228. 

11 




Attorney Docket No. 350 

As described above with respect to object blobs, the scratch criteria appUed at step 248 
may also be dependent on the intensity of the scratches. As noted above, the intensity of each 
scratch is determined at step 246. Scratch criteria may then be based on scratch intensity. For 
example, the cladding inspection zone may be permitted to have up to 3 gray scratches and 1 
black scratch v^here parameters such as gray and black are defined by gray scale intensity ranges. 

In addition to scratch detection performed at steps 240-248, detection of light scratches is 
performed at steps 250-258. The light scratch processing is similar to the scratch processing 
with step 250 being the primary difference. The Hght scratches usually are difficult to 
distinguish fi-om the neighborhood pixels. Thus, the object light scratch threshold is calculated 
not only based on the underlying surface but also based on the mean intensity of blobs on the 
object. The mean intensity of blobs on the object is determined as described in FIG. 3A. 

In an exemplary embodiment, the object light scratch threshold is computed as 

ToLS = 0:3 X lo + 73 X lBlob+ ft 

where Tqls is the object light scratch threshold, lo is the mean object intensity, leiob is the mean 
intensity of the blobs on the object and 0:3, 73 and 183 are scaling constants. Test parameters may 
be adjusted prior to applying the object light scratch threshold so that detection of hght scratches 
is enhanced. In an exemplary embodiment, the brightness is set to a medium value and the 
contrast is set to a high value prior to applying the object light scratch threshold. These test 
parameters are selected to help distinguish the light scratches from the object. In addition, the 
test parameters may also compensate for variance in imaging characteristics as described above. 
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The object light scratch threshold is applied and the object image is converted to a binary object 
image. 

Once the object light scratch threshold is applied at step 250, processing performed in 
steps 252-258 mirrors that in steps 242-248. 

FIG. 3C depicts blob processing perfomied on the background portion (e.g., ferrule) in 
the original image. The processing performed on the background is similar to that shown in FIG. 
3 A and thus description of similar steps is omitted. The primary difference in FIG. 3C is the 
establishment of a background image 260 rather than an object image 212. The background 
image 260 corresponds to the portion of the processed original image outside the object (e.g., 
core/cladding). Once the background image 260 is defined, the mean intensity of the 
background is determined at step 262. The mean background intensity is used to establish a 
background blob threshold as described herein. In an exemplary embodiment, blobs are detected 
in the background region and excluded from the determination of the mean background intensity. 

Once the mean background intensity is determined, a background blob threshold is set at 
step 264. The background blob threshold may be a function of the mean background intensity 
determined in step 262. In an exemplary embodiment, the background blob threshold is 
computed as 

Tbb = X Ib + 184 

where Tbb is the background blob threshold, Ib is the mean background intensity and 04 and J84 are 

scaling constants. Test parameters may be adjusted prior to applying the threshold so that detection 

of blobs is enhanced. In an exemplary embodiment, the brightness is set to a low value and the 

13 
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contrast is set to a medium value prior to applying the threshold. These test parameters are selected 
to help distinguish the blobs from the background. In addition, the test parameters may also 
compensate for variance in imaging characteristics as described above. The background blob 
threshold is applied and the background image is converted to a binary background image. The 
5 detection of blobs and determining if blob criteria are met are performed though steps 21 8-224 as 
described with reference to FIG. 3 A. 

FIG. 3D depicts scratch processing performed on the background portion (e.g., ferrule) in 

3?, the original image. The processing performed on the background is similar to that shown in FIGS. 

iy: 3B and 3C and thus description of identical steps is omitted. Different thresholds may used as 

exhibited at steps 272 and 274. A background scratch threshold is established at step 272. In an 

4^ exemplary embodiment, the background scratch threshold is computed as 

[| Tbs = (X5xIb + /35 

where Tbs is the background scratch threshold, le is the mean background intensity and 0:5 and 185 
are scaling constants. Test parameters may be adjusted prior to applying the background scratch 

15 threshold so that detection of scratches is enhanced. In an exemplary embodiment, the 

brightness is set to a medium value and the contrast is set to a high value prior to applying the 
background scratch threshold. These test parameters are selected to help distinguish the 
scratches from the background. In addition, the test parameters may also compensate for 
variance in imaging characteristics as described above. The background scratch threshold is 

20 applied and the background image is converted to a binary background image. Processing of the 
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background binary image is performed through steps 242-248 as described above with reference 
to FIG. 3B. 

Similarly, the background light scratch threshold is established at step 274. In an 
exemplary embodiment, the background light scratch threshold is computed as 

Tbls = Qfe X Ib + 76 X leiob +iS6 
where Tbls is the background light scratch threshold, Ib is the mean background intensity, iBiob is 
the mean intensity of the blobs on the background and cfe, 76 and 06 are scaling constants. The 
mean intensity of blobs on the background is determined as described in FIG. 3C. Test 
parameters may be adjusted prior to applying the background light scratch threshold so that 
detection of scratches is enhanced. In an exemplary embodiment, the brightness is set to a 
medium value and the contrast is set to a high value prior to applying the background light 
scratch threshold. These test parameters are selected to help distinguish the light scratches from 
the background. In addition, the test parameters may also compensate for variance in imaging 
characteristics as described above. The background light scratch threshold is applied and the 
background image is converted to a binary backgroimd image. Processing of the background 
binary image is performed through steps 252-258 as described above with reference to FIG. 3B. 

As described above, the object blob processing, object scratch processing, object hght 
scratch processing, background blob processing, background scratch processing and background 
light scratch processing may occur concurrently. The results displayed at step 226 may include 
the results of all or one of the processes described. Thus, no order of processing is suggested by 
the arrangement of the Figures. 

15 
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FIG. 7 is a block diagram of a system 300 including a number of optical fiber inspection 
systems 302. Each of the optical fiber inspection systems 302 may be implemented using a 
system such as that shown in FIG. 1 . Each optical fiber inspection system 302 is coupled to a 
network 304. Each computer 124 may include a network connection such as an Ethernet card. 
Network 304 may be any type of communication network including LAN, WAN, intranet, 
Internet, etc. Also coupled to the network 304 is a server 306. The server 306 has access to a 
database 308 which may be memory in server 306 or a separate device accessible by server 306. 

The system of FIG. 7 allows test parameters for each optical fiber inspection system 302 
to be updated by server 306. As described above, test parameters such as brightness and contrast 
are tuned during the inspection process. Database 308 may also store test results fi-om each of 
the optical fiber inspection systems 302 in addition to the test parameters. Test parameters such 
as brightness and contrast controls can be distributed from server 306 to the optical fiber 
inspection systems 302. This may be helpful when inspecting a particular optical fiber assembly. 
The optical fiber inspection system 302 can download the appropriate test parameters developed 
for that assembly in order to tune the optical fiber inspection system 302. 

Each optical inspection system 302 may have certain characteristics that require test 
parameters (e.g., brightness or contrast settings) to vary from system to system. As described 
above, the brightness and/or contrast are often tuned to acconunodate imaging characteristics 
and/or to detect a particular type of defect. Storing test parameters tuned for each optical 
inspection system 302 allows for emulation of optical inspection systems. For example, test 
parameters for a first optical fiber inspection system can be loaded in a second optical fiber 

16 
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inspection system to simulate operation of the first optical fiber inspection system. This can be 
used to confirm results from an optical fiber inspection system at a remote location. 

The data flow between server 306 and each optical fiber inspection system 302 is bi- 
directional. The optimal test parameters can be tuned and downloaded to each optical fiber 
inspection system 302 from server 306. Alternatively, test parameters may be tuned at each 
optical fiber inspection system 302 and then reported to server 306 for fixture reference. 

Each optical fiber inspection system 302 has a local database 303 to store test results and 
test parameters. Local databases 303 may be implemented using separate devices (e.g., hard 
drives) or may be implemented using a common storage device accessible without accessing 
network 304. hi the event of a network 304 failure, each optical fiber inspection system 302 
operates individually using its local database 303. Once the network 304 is recovered, the stored 
data in local databases 303 is sent to the server 306 to update database 308. The optical fiber 
inspection system 302 automatically checks the status of network 304 and determines whether to 
operate using local database 303. 

Li addition, test results can be provided from each optical fiber inspection system 302 to 
server 306 and uhimately database 308. The test results in database 308 may be used to generate 
reports and be statistically processed to detect manufacturing trends. 

As described above, the processes for detecting defects in an image may be executed by a 
computer forming part of the optical fiber inspection system. The invention may be embodied in 
the form of computer program code containing instructions embodied in tangible media, such as 
floppy diskettes, CD-ROMs, hard drives, or any other computer-readable storage medium, wherein, 
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when the computer program code is loaded into and executed by a computer, the computer becomes 
an apparatus for practicing the invention. Also included may be embodiments in the form of 
computer program code, for example, whether stored in a storage medium, loaded into and/or 
executed by a computer, or as a data signal transmitted, whether a modulated carrier wave or not, 
over some transmission medium, such as over electrical wiring or cabling, through fiber optics, or 
via electromagnetic radiation, wherein, when the computer program code is loaded into and 
executed by a computer, the computer becomes an apparatus for practicing the invention. When 
implemented on a general-purpose microprocessor, the computer program code segments configure 
the microprocessor to create specific logic circuits. 

The invention being thus described, it will be obvious that the same may be varied in many 
ways. Such variations are not to be regarded as departure fi-om the spirit and scope of the invention, 
and all such modifications as would be obvious to one skilled in the art are intended to be included 
within the scope of the following claims. 
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